
l i n e s  have been detected.  Among the seven objects  s o  f a r  detected with red- 

C b  
show no t r a c e s  of absorpt ion features .  Af te r  the conclusions described by 

this  Let te r ,  based on the f i r s t  four  objects ,  ...rere reached, an5 ?,-bile they 

other objects  which shox narro-.r o r  n;ediun--#ribth absorpt ion l i r e s  . I l l '  In  Table 1 we shaa the meesured. :.ravelengths of a l l  of the ebsorct ion 

- ,  f ea tu res  i n  these 930's taken from the pacers l i s t e 6  above. I-, is hmediatePy 

3 seen  t h a t  t he  remarkable featuz-e of these  l i n e s  is that  i n  mny ceses  t h e r e  

a r e  very c lose  coincidences bet:reen the :ravelengths msaswed i n  d i f f e r e n t  

ob jec t s .  The t-#ro objec-cs irhich shov the most l i n e s  a r e  3C 191 and P;cS 0237-23. 

These two objec ts  show t h i r t e e n  l i n e s  -,ihich coincide t o  wi-chin 3 -4 i n  the m a n .  

Wnile there  a r e  s t i l l  l i n e s  i n  PKS 0237-23 with no cor responj ing  l i n e s  i n  

3 9 1 ~ ~  3C l9l and l i n e s  i n  3 C  191 f o r  vhich there  a r e  no coinciden-es i n  PXS 0237-23, 

elementary arguments sho-#r thet t he  p r o b a b i l i t y  t h a t  ve a r e  dea l ing  i r i th  Zhance 

* coincidences is very small. In the case of the o ther  th ree  obje- t s  which shod 

aog wnoi i u i m v i  only 2 fex absorptio?s,  each is found t o  coincide with a fee ture  i n  t he  oth-?r 

two objec-cs, ~-lzer aUo;-anze i s  r ~ d e  ?or very sml l  Cifferenzes i n  i:Z-ie1ezgth. 

In the  case of  Pi5 0237-23 I kzve us-4 t h e  l i n e  l i s t  of Bw-oic?ge (LLs.67). 
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This work was completed before I had access to t he  f i n a l  l i n e  l i s t  f o r  t h i s  

ob jec t  by A r p ,  Bolton, and Kinman (1967). 

t h e  s t ronger  l i n e s  there  is a reasonable agreement i n  wavelength between the  

two s e t s  of measures, t h i s  is not t he  case f o r  the  weaker l i n e s  with 

A > 4200°, and the  discrepancies remain t o  be explained. 

It now appears t h a t ,  while f o r  

If we use the  l i s t  

of A r p  e t  a l .  i n  Table 1 some of t h e  coincidences a r e  no longer p re sen t .  

A r p  e t  a l .  have a l s o  given a compl-etely d i f f e r e n t  i n t e r p r e t a t i o n  of t h e  

absorption l i n e s ,  as  being due t o  heavier  elements a t  a r e d s h i f t  of 2.2, 

c lose  to the  emission-line r e d s h i f t .  It is not my i n t en t ion  to discuss  

these  proposed i d e n t i f i c a t i o n s  here; they  do, however, r a i s e  many doubts, 

both from the  spectroscopic standpoint and because a very pecu l i a r  composition 

m u s t  be invoked. Regarding the  l ack  of coincidence i n  the  l i n e s  with 

h > 4200°, it is poss ib le  t h a t  some weak absorptions i n  e i t h e r  s e t  of measures 

might be due t o  n ight  sky fea tures .  

coincidences, and the  f ea tu res  i n  the  o ther  QSO's i n  Table 1 are not i n  

question. 

Even so, t he re  s t i l l  remain a good many 

This su rp r i s ing  r e s u l t  suggests t h a t  whatever the i d e n t i f t c s t i o n  of the  

l i n e s  they should be t r e a t e d  as a standard system common to a l l  of these 

objec ts ,  and t h a t  the differences between the  appearance i n  the s p e c t r s  a r e  

r e l a t e d  to t he  varying continuum i n t e n s i t i e s  and e x c i t a t i o n  conditipns i n  

the  d i f f e r e n t  ob jec t s .  Unless it can be shown t h a t  the l i n e s  have a com- 

p l e t e l y  l o c a l  o r i g i n  t h i s  places a d i f f e r e n t  complexion on the  nature of the  

r e d s h i f t s  than has been considered previously.  By l o c a l  o r i g i n  we mean t h a t  

they  m u s t  e i t h e r  be a t t r i b u t e d  to night  sky fea tures  or to an  absorption 

f ea tu re  of l o c a l  but ex t r aga lac t i c  o r ig in .  The f i r s t  of these  p o s s i b i l i t i e s  

can be ru led  out by the s t r eng th  of most of the  l i n e s ;  moreover, they  should 

tend to be s t ronger  i n  f a l n t e r  ob jec ts ,  and t h i s  is not the  case.  At t he  

same time the  absorption l i n e s  cannot be due t o  i n t e r s t e l l a r  absorption i n  

- 2 -  



our Galaxy, otherwise they  would appear i n  s t e l l a r  spec t ra ;  the two s t ronges t  

l i n e s  i n  PIS 0237-23 look a l i t t l e  l i k e  C a  I1 H and K, but they 8re well r e -  

moved from t he  r e s t  wavelengths of these  l i n e s .  

Thus we conclude t h a t  t he  standard spectrum m u s t  be of e x t r a g a l a c t i c  

o r i g i n  and m u s t  e i t h e r  a r i s e  i n  i n t e r g a l a c t i c  p a t t e r  or be i n t r i n s i c  t o  the  

G O ' S  i n  question. 

Before considering these  p o s s i b i l i t i e s  i n  t u r n  we consider the  problem 

of t he  i d e n t i f i c a t i o n  of the absorption l i n e s ,  and the  r e d s h i f t s  which have 

been obtained previously.  I n  the case of 3C 191, i d e n t i f i c a t i o n s  were made 

which unarnbigiously give a value of z = 1.947 L-0.002 (Burbidge, Lynds, and 

Burbidge 1966). In  the  

case of PHL 938 Kinman (1966) gave a r e d s h i f t  based on emission fea tures  of 

1.93. ?"ne absorption f ea tu res  a t  A h  3505, 3535, and 4507, i f  i d e n t i f i e d  v i t h  

S i  I11 ~1206.5, Ly-CY, and C I V  h1549.1, vhich appear t o  be the  most probable 

from the  po in t  of view of the  spec t roscopis t ,  give a mean r i d s h t f t  of  

W e  have alre'ady discussed the  case of P E  0237-23. 

1.907 fO .OO1.  However, i f  w e  i den t i fy  them as the  f ea tu res  i n  3C 191, which 

are a t t r i b u t e d  t o  S i  I1 hh1194.1, S i  I11 1206.5 and S i  I1 1533.4 and which 

are s l i g h t l y  c l o s e r  i n  wavelength, then the  mean value of z is 1.934 ztO.003. 

I n  the  case of PXS 1116+12, t he  two l i n e s  measured by Bahcall, Peterson, and 

Schmidt, t he  l i n e  a t  14570 being l e s s  c e r t a i n ,  give z = 1.950. 

a poss ib le  absorption l i n e  a t  3648 A; i f  due t o  N V h1240.1, it gives 

z = 1.942, and hence a mean value of z = 1.947 %O.O03. LyEds and Stockton 

measured an  absorption l i n e  a t  3766 A, which does not correspond with any 

of t he  l i n e s  given i n  Table 1. For P E  0237-23, i f  we assume t h a t  the coin- 

cidences with the l i n e s  i n  3C l9l a r e  due to t he  sa.me l i n e s  as those i d e n t i f i e d  

i n  3C 1-91, the  mean r e d s h i f t  comes out  to be 1.949 50.004. 

They measured 
0 

0 
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I .  

In the case of  PHL 5200, the absorption bands a r e  so  wide t h a t  we 

cannot proceed i n  t h i s  way, and c e n t r a l  wavelengths have not been published 

by Lynds. 

absorp t ion  fea ture  from Lynd's reproduction of h i s  spec t r a .  He i d e n t i f i e d  

t h e  s t rong  absorption bands as C I V  11549, S i  I V  hh1394,  1403, and N V h1240; 

we give the  sharp red edge only of t he  l a t t e r  because the v i o l e t  edge runs 

i n t o  Ly-CY. Tne wavelengths of these edges a r e  l i s t e d  i n  Table 1; t h e  range . 

of r e d s h i f t  given by them is 1.98 - 1.89 f o r  C I V ,  1.96 - 1.90 f o r  S i  I V ,  

and the  s i n g l e  edge of N V gives 1.98. 
and f o r  S i  I V ,  1.9. A s ing le  sharp absorption, i den t i f i ed  by Lynds with 

0 I 11304, gives 1.979. 

We have therefore  estimated wzvelengths of the  edges of each 

The r 'centralr '  value f o r  C I V  is 1.93, 

Thus our t e n t a t i v e  conclusion is  t h a t  t h i s  standard spectrum arises 

from a reg ion  which has a r edsh i f t  of about 1.95 with a small d ispers ion  about 

t h i s  value. To expla in  it w e  can consider t he  following p o s s i b i l i t i e s :  

(1.) t h a t  a l l  of t he  objec ts  a r e  observed through an absorbing cloud which 

is receding a t  a v e l o c i t y  giving t h i s  redshix t .  Since t h e  objec ts  i n  question 

l i e  i n  d i f f e r e n t  d i r ec t ions ,  t h i s  would imply on the  cosmological hypothesis 

t h a t ,  f o r  a s h o r t  period a t  the  epoch corresponding to t h i s  r e d s h i f t ,  t he  

i n t e r g a l a c t i c  gas w a s  ab l e  t o  produce the  absorption. This p o s s i b i l i t y  

requi res  d e t a i l e d  d iscuss ion  but it appears, a t  f i r s t  s i g h t ,  t o  be implausible. 

A l t e rna t ive ly ,  we could suppose t h a t  the  cloud had been e j e c t e d  from our oTvn 

Calaxy a t  t h i s  speed (just less than  0.8 e ) .  

f ea tu re s  would appear i n  the  spec t r a  of ga lax ies  but there  is no evidence 

f o r  t h i s ,  s o  t h a t  t h i s  suggestion can be r e j ec t ed .  

(2) We could suppose t h a t  a l l  of t he  objec ts  have the  same standard r e d s h i f t .  

If they  were cosmol~ogical 0'0 j ec t s  t h i s  would be an e n t i r e l y  unreasonable 

r e s u l t  a l s o .  If they a re  l o c a l  ob jec ts  m-oving a t  r e l e t i v i s t i c  speed, then 

I n  t h i s  case these  absorption 

- 4 -  



w e  m u s t  suppose t h a t  they have a l l  been ejected. a t  the  same speed. Tliis 

is a poss ib le  s i t u a t i o n ,  but not a very probable one i n  my opinion. 

(3) We can suppose t'nat t he  standard r e d s h i f t  is  not a Eoppler s h i f t .  

The obvious conclusion is then t h a t  it is  a g r a v i t a t i o n a l  s h i f t ,  and t h a t  

t he  value near z = 1.95 is a fundamental value which is determined by the 

upper l i m i t  to the  s i z e  o f  the  g r a v i t a t i o n a l  r e d s h i f t  which is 2 i n  the  

c l a s s i c a l  Schwarzschild so lu t ion .  However, Bondi (1.964) has obtained a 

l i m i t  which is  less than t h i s  value, though t h i s  l i m i t  i s  model-dependent 

(Chandrasekhar, p r iva t e  communication). 

On the  bas i s  t h a t  t he  s h i f t  is g r a v i t a t i o n a l  w e  can ncw ask  what 

is the  s ign i f icance  of the  emission l i n e  redshifts which a r e  i n  a l l  the  

cases quoted l a r g e r  than the absorption l i n e  standard s h i f t .  One possi-  

b i l i t y  is t h a t  they  a r e  due to gas f a l l i n g  in to  the  massive objec t  ins ide  

the  region which is giving r i s e  t o  the  absorption spectrum. 

the whole of the  emission l i n e  r e d s h i f t  may be g r a v i t a t i o n a l  i n  o r ig in .  

The very small d i f fe rences  between the absorption l i n e  values near 1.95 

may be due to random motions of t h e  ob jec t s .  

values a r e  only of order 1000 km/sec. 

Al te rna t ive ly ,  

Except f o r  PHL 938, the  
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Table 1 

WAvElXn'GTi-TS (1) OF ABSORPTION LIhTS IE OBJECTS WITH z > 1 . 9  

3c 191 PiCS 0237-23 PKS 1116+12 PHL 5200 PHL 9?8(2) I d e n t i f i c a t i o n (  1) 

(a 1 (b 1 

U 

U 

C I11 1175.7 
S i  I1 1194.1 
S i  111 1206.5 
Ly CY 1215.7 
s 11 1231.8 
N v 1240.1 
S I1 1255.1 
s i  II 1260.7-65.0 

U 

U 

U 

U 

S i  IV 1393.8 

S i  IV 1402.8 
U 

U 

U 

si 11 1526.7 
S i  I1 1533.4 
C IV 1549.1 

U 

U 

&an redshift 

a5 s o r p t  ion  

3408 
3440 3445 
3466 3461 
3515 complex 316-3528 
3556 
3581 
3628 

3698 
3718 

3652 

3935 
3960 
3971 
4021 
410 9 

4137 
4264 
4284 
4299 
4502 
4519 
45 66 

35 91 

3719 

3839 
3866 
3891 
3934 
3952 
3972 
4024 
4116 

4141 
4267 
4286 
4301 

4572 
45 96 
4613 

3585 

' 36481 

3086 
1 

(3505 1 
3505 (3535) 
3535 

(4505) 
4570 4620- 4470 4505 

1.947 : 1.949 1.947 

emiss ion 1.953 2.224 2.118 1.99 - 1.38 1.33 



Footnotes t o  T ~ b l c  1 

(1) I d s n t i 5 c a t i o n s  a re  those made o r ig ina l ly  f o r  3C 191. "ut' rneans . 

unideni;iI"ied i n  e i t h e r  3C 191 o r  PKS 0237-23 (see Bufaidge 1967). 

(2) B coluims (a) and t o )  we give two possible s e t s  of  ident i f icat ior is  

and rzds'nizys. 'inat i n  (a) is the  most probzble from t h e  s2ectro- 

sco2ic s t a z ~ o i n t ,  ' o ~ t  we give (b) because t h i s  gives a c lose r  co- 

i x i d e n c e  i n  wwelengt'n. 

Tiis ' D ~ O Z L ~  fzzture has been iden t i f i ed  by Lynds-as a blend of (3) 

Si iV hh1393.8, 1 b 2 . 8 ,  b r d  thus it has been put  between the  l i n e s  

which ars iden t i f i ed  as those two l i n e s  i n  3C 191 ard P G  0237-23. 

\ 
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